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ABSTRACT -

This report describes research programs focuszng on
the sudden infant death syndrome (SIDS) and indicates some presently
available results., Specific attention is given to research-on sleep
sapnea, ‘respiratory control, and hypoxia, as well as to infectious
-&iseas sses—end—wmmunGTUQY"'Ffﬁd&ng@ "ot 4 Iarge-scale .
multidisciplinary SIDS project are discussed. In adaztzon, various
related research studies conducted by different agencies are
-desctibed. Funds allocated to and estimated for public health service

agencies are specified. for the years 1980 thréUgh 1984. (RH) >
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‘the-United States, it is the lead

¥

N&TIOVAL INSTITUT”Q'OF HEALTH‘
hatlonal Institute oE Child dealth and’ Human Development
SUDDEN INE‘ANT DEATH smor{ouz '

Tne sudden infant death syndrome (SIDS) is defined as the

sudden death of any infant or young_child that is unexpected by * _

histo:y’and where the death resaing’ inexplicable after perform- !
ance of an adequate postaortsm examination. Also referred to as,
crib death, sudden. unexplalned deat4, and sudden death in
infancy, this syndrome is a worlddgde public health problem. In

¥ng cause “of death bektween the
ages of one and twelve months. Its _incidence rate is estimated
ag 2 per’'1,000 live births, account*ng for the' dea¥hs of batween
6,000 and. 7, 000 infanus each: year. The majority of these habies
are behaeen the ages of one and six months when they die sudden-
ly. quietlvf and unexpectedly during what is conside*ed a normal
sleeo period.- . .

- -

The Natignal Institu}e of Child Bealth and Human Development
of the National Institutes of Zealth hanEgimary Federal respon-E

1

sibility -for research on the sudden infant\ death syndrome. Othe
Institutes supporting projects pertinent £q'SIDS include the Na~
ticnal Institute of ﬂeurologlcal and Communiicative ﬁlsorﬁers ang’
Stroke, and.the National Heart, Lung, and Blood- Institute. " The

Office for Maternal and Child Eealth, Bureau of Communily Sealth
Services, Health Services Administration has primary resoonsibl-
lity for counseling and. Lnformatlon actlvities i

The NICHD's portfolio in SIDS encompasses. research grants
probing.many. fakets of the problem: 3$leep state; respiratory
functions in young | 11Eants at risk. for SIDS and in the normally

developing infant; the role of infection and lmmunologzcai devel- -

opment; interaq:lons of _possidle genetic factors and envizon-
mental influences:’ ind autopsy findings regarding anatomical,
nistological and/gr b;ochemzcal characterxstics in SIDS victins.

-

A oomoosi te pzctqre is evolving identifying special charac-

_teristlcs £ z3e SIDS victim_ and _the SIDS family4 The analysis .. .
of the differences between intrauterine and extrauterine environ-

zents of iXfants who died of SIDS compared o normal liviag

- i%fants, and of those who dikd of other identifiable causes has

axpanded our hase of xnowladge and may facilitate identification

of 3ignd. ?ead-dg Lo death. -pldem;olog'cal data have quhllohoed,

‘visk factors for SIDS such as .prematurity, low birth weighs, . .

postnatai growth. retardation, chronic hypoxemia (decreased oxygen
in the blood),*and breathing diZficuls iQSr maternal factors-in-
clude age ies$. than 20.vears., smoking duriag pregnrancy, and not
teceiving prenatal care. A better understanding of the biology
of mat=r1al Sactors governing normal and abnoraal fetal and -
neonatal growth andg development will simultaneously Eaci’zcaoe

. the Zevelogment oE”?rEventgve approaches to SIDS. for exampLe,

prevention of prematurlby mzqht at the same time reduce the ;
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number of sSIips v;ctims The concept that some conditions associ-
ated with high-risk-pregnanc® and high-risk infancy are contrib-
uting factors to the becutrefce of the sudden infant death - P
syndrome Mas been accepted by the scientific_community. Everfts
takinq place in the intrauterine environmerit or in the eatly .
-weeks of extrautesine life-may modify the normal progression %
of maturational processes in the fetus and-newhorn. 2lthough
the infant may’ appear normal at birth, the ability to coordinate .’
. wvital functions'with sleep and feeding may be jeopardzzed so that

-~ minor stressful situations such as upper respiratory -infections,

gleep deurzvation, etc, , may preczpitate a severe apnea. epzsode
. and/or death,

Sleep-apnea ! Respiratory Conecrol, and Hypoxia’ "

Research is examining the role of sleep apnea (cessation of
respiration for a peried of ten seconds or longer and spontaneous
recovery noted during sleep) as an antecedent to death, Earlier:
studies suggested th some SIDS victims bhad suffered hypoxéa
for varying periods of e hefore death and this-stipulate

- - the research intd apnea and respiratory control. -- To- ctarify -

F

this questxan, ‘studies are &elzneauzng the development of the .
respiratory contzol center, the profile of ventilatc:y responsgs .
to carbon dioxide, and the operating respiratory controls duriag
sleep. #Any one abnormality may contribute to or can result in
hyvoxemia a2nd/or a diminution of oxygen reaching the tlssues of
the body (hypoxza). - -

Studi€s carvied out. betyeen 1973 and 1978, supported by two -
NICHD contracts wiih the University of Southern Califorpia and the
University of Qalifornia, Los aAngeles obtained developmental
physiologic data from 25 normal iafan€s and 25 szblzﬁgs ot SIDS
victims. Twelve-hour all-night sleep recarazngs wars obtained

‘at 1 week and at 1,2,3,4, and 6 months of age. . These data were
agbered under well-dehzned conditions, and »hexr availability —
1& computer compatible form allows physicians t9 evaluate.and
test of specific hypotheses. During FY 82, grantee, Dr. Ronald
M. darper and his team at the University of California, los
Angeles, continued work on_the research hypothesis that the organ-
ization of Sleep is disturbeg in infants at risk for SIDS, and
that tbey,exhzbrb difficulty in "arousing” ZIrom sleep during
circumStances which compromise’ their suzvival. In;*zall; thev
Gescribed normative develogmental curves' for maturation of slaep
states in addition o respiratory’and moc;lz*y parameters. Recent
studies have documented develocmental crends of the ‘hourly peri-

y odlc organization in EEG (elect*cenceahalocradhlc) activity ia

-« normal- infants and described.developmental curves for variables

which are major.-contributors to .the definition of sleed state. .
" THese studies werd extended inte a larger group of ah¢3101091ca1 *
variables, and have included cardiac, Tespiratory and motllity '
sarameteﬂs in measures of hourly periodic organiZation. The
iﬁv stigators concluded tha: the organization of sleep states
isturbed in infanes at risk for 3IDS and suggest tiat this
a_skuraance vesults in a "fajlure to aroﬁae' from norgal szimula=~
tion curxng slean or a di‘f‘culty in gtate-transition., ‘In o
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* - addition, these stud&es demonstrated-that infants at risk showed
an acceleration of EEG patterns . in specific EEG bands. Such
EEG’ development points to’an alteration in a main component of
‘state organlzation and will be useful in. evalqatznq the Pfallure
. to arouse" hypotheszs for SIDS. . ~ .
[ %, “~
i Sleep state respzratory control is being studied in kitiens
By Dr. Dennis J. “eGinty. at the Unlversy@y of California’at §7-1-9
Angeles., Following initial studies uhder the NICHD contract .
referenced previously, Dr. McGinty' is examining the<Prezn mechet?
anisas which mediate both normal and.abnormal depression of o
breathing during sleep as a potential element 6f risk for SIDS.
In earlier studies, he found that a practical method for co-
. activatiomoef neurons of the reticular formation and breathing
during sleep is vestibular stimulation produced by a mocking
‘bed. Indeed, in kittens, it was determined that rocking is an
effective stimulus to breathing during sleep,. produting a facili-
‘tation of diaphragmatic electromyographic activity in botH rapide
eye-movement (REM} and non-rapid-eye-movement sleep., This
research permits the evaluation of a2 simple and practical tbdol
‘or _assisting infants at risk for SIDS.
, i i
: Grantee: or. Bradley T, Thach and 'his “eam at Wasnzngton
Caiversit St. Louis, are. bormzng studies of airway patency
-regulation an animal modél. Many infdRgs at hight risk for
apnea preseft some degree of airway obstruction., In -anesthetiz
rabbits, .the investigators have determined that the dirway pres-
~ sure .reflexes respond ta changes of pressure and protect the -
airway. from collapse Erom negatiye gressure.  The changes in
pressure are sensed *hrough necve endzngs superficililly located
in the nose and pharvax. Indeed, the investigatics showed that
. when sensation provided by these nerve endings is  oblitetated,
L . &\x:e anital is unable to use his upter airway and.dies of 3sphyxia.

\-J

rag

These refleigs appear to be essential. for sPontaneous ventilation

@ the rapbit. fanks who suffer apneic spells, thesé .

In human i:
by sross motor activity and sguirming movements is associated with
with a2 markedly disordered respiratory pattern. This ‘pattern
seens Lo be a significant component of obstructive agnea.

FY 1982, these investigators began studies.in infants at high .
risk £or SIDS (e.g., h?d near-miss episode and/or have a positive
family history). They'demenstrated that in spisodes of mixed

) apneas the initial event was the airway obstruction. ThereZore

. ; research afforis are corcentra“ing en this oar“icular aspect

riag

Lr. GabrLel G. Haddad at Columbxa Un&ver51‘y College of
Physicians ang Surgeons is continuing to study the changes of
ventilarory and cardiovascular.responses to hypoxia during sleep.
and wakefulness in growing oupoies. Specifig technigues have . ¢
been develobed to examina the mediation of hypoxic responses by
S0 T adrenal hormones known as catecholamines during REM and ou*:
> . sleep, ’An important “initial findiag is that newborns have uch
: hloner evels oi these,hormones and br-sker resgonses to vy
vhan adults, - . .

OX‘a
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regearchérs found that a stase of behavioral arousal charactarizad
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Dr, Haddad and his team’are exemlnlnq the rele of endornhlns §

(chemicals in &the brain whose effects on cells -resemble those'of .o

ceiates such as uorphlne) in the maturation of ventllatory and
cardiovascular functions during.sleep and waxefulness .under
.normal and hypoxic conditions. Technigues yere auc;essﬁuri} .
developed to measure.ventilation and record EEG and £8G with an.’ ’ )
experimental animal trained to remain-in a specific chamber where .
oxygen and carbon dioxide concéntration may be changed. In the . .
dog, they-have also shown. using cerebrospinal fluid., that endor=-
phins are central .neuromodulatyrs of sbflatory activity and ’
. that a dqse-response relationship\ exjsts between endorphln level
and Fhe ventilatory effect indepen t of sleep state
. ) L1 »e »
One _recommendation for infants at risk for SIDS is £o prpg-
. scribe for them an agnea monitor which sounds an alarm when
respiratory pauses and/or bradycardia (slow heart beat) extend
beyond an acceptable limit, . With Institute support, Dr. Willis J.
Tompkins and staff at the University of Wisconsia, Madison, are
devaloping a microprocessor-based neonatal apnea monitor, They
have' developed the initial hardware and software for a compact,
muls lmzcrocamputer-baeed neonatal apnea monitor for yfe in the
neotatal inkensive care unit., It is being modified for a minimal~
hardware system to becSme 2 homey monitor., 1In addition to the
sounding of an alarm. the conditions that lead to it are displayed .
indicating seconds'of undcceptable heart rate, Eate at. last ac- ° ’
cepted breath, seconds with no acceptable breaths, and the breath-.
‘hight, threshold. The monitor needs to be clinlcally validated by -
'compartng its alarm generation with events recorded in the clini-
cal ‘'setting’ and must be Further refined to reduce the false Lot
posltzve rata without losing high specificity for apnea detection. A )
Sven after this, it #ill be necessary to define more sre&eselv .
-infants at risk zor SIS, , ' . , .

-

Infectious Disaase Processes épd‘ﬁmmunology

It is not clear how, the presance of infection andfqr the .
infant's immunologic state may relate &9 the sudden infant deach
syndrome. It has been obsérved and documented that the infants
who had recent. upoer respiratory infections are at. g:eater risk. I\
Among SIDS victims reports have appeared indicating that many
had either a slight cold or stuffy nose of such a minor degrae
, chat medisal advige was not sought. It is dui%e possible that
( the infection ‘may act local;y, grobably in’ the 'esalratory trace.

i f:ﬁ:_'

Sevaral grantees are examinina eﬁe nosslble 'e‘aticnsh*p to i
SIDS of intestinal’ infecticn anéd %oxin produced by Clostridium
botulinum. De: James Chln and seaff at the Department ot Hea,»h
- . Servicespfcﬁil‘ornze are studying Clostridial toxias as causes 0%
. - SIDS. - The £irst steg in that research was just completed SucCess~
fully with the development of a reliable test to defect the appear-.
ance of- antibodias in oat-ents aosultaliaed aath Lnfant botul iam,

. .
) i - 3 - oy
. . P NP

_ . At Jonns Hopkins dosnleal, L. Jchn G. Sartlet‘ and assoclatas Cj
T . ., ate examining the intestinal contents of 'SIDS viltims for Clos- . . A
’ eridium difficile and its toxini.ang- found a positivé culturs ia -




27 ?ercent'ot 58 victims of SIDPS. ‘They are looking 50;-othér
viruses as well. such, as rotavirus and coxsackie.

Grantee, Dr. Scott 3. Halstead at the University of Hawaii,
Bonolulu, identified a model systém in mice with dengue virus.
infection which progresses through a peripheral replication
phase but is eliminated without cadsing mortality. This provides
the opportunity to study viral immunological ;ngé?act ns and

.the examination of cell-mediated ifunune responses t irus
infections. Simultaneously, Dp. Halstead is e ing the role
of immunological responses in Respiratory Syndytial Virus (RSV)
infections in monkeys in order to determine the role of passively
administersd antibody during..RSV infections. ~ Some.-of these '
studies mimig the human infection., thug making it‘poss;ple to
study he interaction of antibddy and immunccompeteng calls ia the
tespifatory tract during acute viral infections. ‘

Major Research Progranm
During FY 1982, the Institute continued to support_a large
. multidisciplinary SIDS project at the University of Maryland under
the Yirection of Dr. Alired Steinschneider. Risk profile scores ,
were obtained in a.prospective fashicon on a large number of
infants over a four-year period. . In addition to.new}prn evalua-
tions, these included data-acguired from a large number of women”
tirough presfjancy, labor, delivery, and the postpartud period.
These measures of risk encompass nathematical expressions of .
.-Tespiratory. performance during sleep agd feeding, and epidemi-
ologic factors regarding recognized risk factors for SIDS (e.g.,
sibling death from SIDS, maternal drug depeg?encé). Analysis of
data began in FY 1982. . ( L I h

L3

Nine. infants studied physiologicallf within their first week

of life died"subsequently of SIDPS. Compared to the “hormal par- . -

ameters obgained in ‘the study of more than 2,500 subjects, all
SIDS victims had elevated apnea scores during either sleep or
feeding. These findings are consistent with the hypothesis impli-
cating both sleep apnea™and laryngeal induced apnea in the efi-
ology o SIDS. \ P ,

Infants who tested high on the risk -score during their firss
week cf 1ife were sent home with an apnea monitor, Of these 77 -
infants, 67 percent had at leas: one prelonged sleep apneic epi=-
sode and 30 percent had documented episodes of bradycazdia withous
concurrent prolonged apnea. ‘These findings tend to support the

hypothesis that newboras who develop prolonged apnea or bradycarﬁ.“

dia are physioclogically different than the. general population and,
in a magg$r,:51milar to those. inZants who die of SIDS. .

s Other concurrent studies are examining the placentas of SIZS
victims. Although tissué and other studies of the vlacentas nave
not shown gifferences between SIDS cases and birth-date matched
controls, a reduction was found in the ratio .of fetal weigh: over

‘placental weight in SIDS victims. * S :
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The findings of subtle differences between SIDS.victims and
nornal ‘age-matched controls are helping not only in "delineating
the causes, but will also provide diréction for studies aimed at
develogzng a c¥inically useful approach for the early identifica~
tion"ef infants at 1ncteased risk for 81DS. .

Y

NIC&D Cooperative Eg demiologlc Studv of SIDS Rlsk Factors

The NICHD, through six data collection centers, ldentifzed
more than 800 SIDS cases with 2 living controls for each case
over a 15 month period. One control was matched for age only
and the. other for age, birthweight, and rae., = Postmortasm tissue
specimens and medical examiner records werse obtained for the.

SIDS cases. Data also were collected on SIDS and control infants
during a home interview and from pmenatal, delivery, and postratal
medical records. Using the first 400 :singleton SIDS infants and
their controls, a preliminary analysis of risk factors has beem
performed. While few differencés wers identified between cases and
- c¢ontrols for prenatal factors, SIDS infants as a group Were more
llnely £0 have reguired p¢stneonatal hospitalization and to have,
had signs and symptoms reguiring medical treatment. Preterm ..
delivery, low birthweight, low sociceconomic status, black rice,
,maternal smonlng during' pregnancy, and young maternal age are in-
dicative of increased risk for SIDS. So far ia this: study,
¢clinically diagnosed apnea has not been identified as an impor-
tant risk factorw-for SIPS: Effects of interactions of these
factors on SIDS risk -are being assessed, Additional multivariate
analyses cf these prelimindry results and validation u31ng the
balance of he daga set are ongOLng. “
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prié areas for the research included control of breathing
in respiratory failure, and maturational changes‘in the deVelop- e
ing heart which suggest that the interplay of factors responsible .
for initiating and maintaining fibrillation (irregular contrace
tions of the heart) may have 2 role in the etiology of thegsudden
infant death syndrome. OQther studies are- concerned with a ted
respiratory responses to carbon dioxide, expiratory muscle func-

-

rion, and the role of the cerebellum in its dontrol.
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Mational Institute of Neurclogical and Communicative

! ' - Disorde¥rs and Stroxe . -

) . y .
..y It-has been suggested t

| .

hat central nervous system (CNS) dys- -

function, particularly of the brainstem,” may be implicated in SIDS,.
" The National Instituteé of Neurqlogical and Communicative Disorders

%and Stroke (NINCDS) supports a number of reSearch grants on the
L
/ .

Y

". to bezter understand the neuropathology -of SIDS.

basic mechanisms of CNS dysfunction, some 9f*which, relate directly
% SIDS., Some of these studies have astheir focus the Eunctional-(
development Of neural networks and ‘the identification -of develop=-
mental neuropathology. One study concerns,the relationship of the
maturation of the neurotransmitter systems to behavioral arocusal.
—Another inwestigation is eyploring the relationship of naturally
‘occukring neuron death to the normal development of mammalian
central netbouz system. The neural plasticity (the ability of. .
early embryonit cells to alter in conformity wiih immediate en-
virvonment) of the developing brain and the deficits in cell
communication following perinatal hypoxia are under study in.
animals, Reseéarch is also being conducted on the boncgptrations A
of neuropeptides inggutcopsied human brains at different stagas
.0f davelopmen: from the 20th week of fetal life rough childhood.
In these studies, reuropeptide concentrations in brain_tissue
from normal children are béing compared to concentrations in ,
" chitdren with neurclogical disorders.. These .iavestigations have
the potential.for providing-the basic knowledge scientists need 7
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